Laparoscopic adjustable gastric banding (LAGB) has rapidly emerged as a popular bariatric procedure because of its safety, efficacy, durability and adjustability. Despite widespread use, there is limited understanding of how it induces weight loss. Previously, it has been classified as a restrictive procedure, physically limiting the patient to a small meal that subsequently slowly empties into the distal stomach. However, the tiny pouch of stomach created above the LAGB appears to be unable to accommodate even the smallest of meals. Therefore, the key mechanism has been hypothesized to be the induction of satiety via, as yet, undefined pathways. The critical question remains: what are the key physiological changes that lead to satiety and weight loss? In successful LAGB patients, a consistent intraluminal pressure at the level of the LAGB of 26.9±19.8 mm Hg is observed. Studies using semi-solid swallows combined with intraluminal pressure recordings have demonstrated that semi-solid transit across the resistance of the LAGB is mediated by repeated esophageal peristaltic contractions (mean 4.5±2.9) that produce episodic flow, interspersed by reflux events. Failed transit results in obstruction and regurgitation, whereas dilatation of the supraband stomach induces severe and intolerable reflux. Overall gastric emptying does not appear to be significantly altered following LAGB. Focused investigations have shown that the supraband stomach is empty of an ingested meal 1-2 min after intake ceases. Considerable progress has been made in understanding the mechanical physiological effects of the LAGB on esophageal and proximal gastric function. These have been correlated with patient outcomes and sensations. On the basis of recent data, it appears that the LAGB activates the peripheral satiety mechanism without physically restricting the meal size. Therefore, it should not be classified as a restrictive procedure. The precise mechanism of weight loss with the LAGB remains to be delineated.
Introduction
Laparoscopic adjustable gastric banding (LAGB) has rapidly emerged as a popular bariatric procedure because of its safety, efficacy, durability and adjustability. 1 It is one of the most powerful medical interventions available. 2, 3 It induces and maintains a substantial weight loss. 4 However, despite widespread use, there is only limited understanding of how the LAGB achieves this weight loss. Rapid uptake and evolution of the LAGB surgical technique has outstripped physiological understanding. LAGB has evolved from the creation of a small-meal-sized pouch to placement of the prosthesis within 1 cm of the esophagealgastric junction. The current, unique anatomical modifi cation suggests a novel mechanism of action. Figure 1 illustrates the evolution of LAGB surgical technique.
Retention of a small meal above the LAGB (a restrictive procedure) has traditionally been the mode of action attributed to the LAGB, although this does not fit with normal patterns of gastric emptying (GE) seen postoperatively. 5 In addition, the size of the gastric pouch above the LAGB does not appear large enough to accommodate even the smallest of meals. Activation of a peripheral satiety mechanism without physically restricting meal size has been proposed as a mechanism of weight loss with LAGB. 6 However, the pathways via which this may be occurring have not been defined. Limited understanding of mechanical physiological processes associated with LAGB has limited investigations of the mechanism of satiety. Recent data using high-resolution video manometry and a new technique of nuclear scintigraphy have clarified processes related to intraluminal pressure, transit and flow. 7, 8 This review aims to succinctly synthesize the key parts of these data. The intrinsic advantages of LAGB have led to its widespread use; therefore, there is a strong need for better understanding of how the LABG works. There is the challenge of providing optimal care to current patients, which is currently based on accumulated clinical experience rather than physiological understanding. Most importantly, if the mechanism or pathway by which satiety is activated can be understood, there is the opportunity to link this to urgently needed, improved future therapies.
The challenge of achieving weight loss
The regulation of energy balance, appetite and body weight appears to be closely interrelated. 9 These systems precisely control overall body weight and fat stores, despite significant variations in energy expenditure and intake that occur on a day-to-day basis. 10 The physiology of the human body is set to vigorously defend what it perceives as an optimal weight. 11, 12 Temporary modifications to energy intake are met with a vigorous compensatory response that reduces the efficacy of interventions such as dieting. Once an intervention ceases, body weight rapidly returns to its previous level. Bariatric surgery, including LAGB, consists of relatively simple anatomical modifications. They are able to circumvent control processes and induce sustained weight loss over a period of at least 5-10 years. 4 Despite the simplicity of the anatomical modifications, there is limited understanding of the alterations to the mechanical physiological processes. This particularly relates to changes in intraluminal pressure, patterns of transit and the mode of flow through the altered regions. Without defining these processes, understanding of the mechanisms by which bariatric surgery is able to sustain substantial weight loss is likely to remain limited.
Mode of weight loss with LAGB
The mode of weight loss with LAGB is decreased total energy intake, due to significantly modified eating behavior. 13 A shift to softer foods, with a reduction in the consumption of solids is also noted. 14 Longitudinal studies have reported a more restrained eating pattern and decreased susceptibility to hunger following LAGB. [15] [16] [17] It has been shown that with LAGB, many foods of a coarser texture are unable to be consumed, as they will not transit past the LAGB. Even stable, successful patients do at times regurgitate foods of an inappropriate bolus consistency. 18 Although these mechanical realities are imposed by the LAGB, whether they are central to the behavioral adaptations, and consequent weight loss remains unclear.
On the basis of the outcomes of other weight loss therapies, it seems unlikely that pure mechanical factors are able to circumvent the control processes that rigidly protect body weight. Therefore, potentially another mechanism is responsible for the observed outcomes.
Reducing intake through induction of satiety
Clinical observations that many LAGB patients report profoundly decreased appetite, and disinterest in food postoperatively has led to the hypothesis that the LAGB works primarily by inducing satiety. Prolonged suppression of appetite thereby reduces total food intake. 6 Adding or removing saline from the system (to change the size of the lumen of the band) appears to be able to fine-tune these sensations or return them to normal if LAGB is completely emptied. 6 In a specific physiological investigation of the mechanism of action of LAGB in humans, monitored breakfast tests were conducted on a cohort of successful LAGB patients. Hormonal changes and reported satiety were measured over a 6-h period under standardized conditions. 6 Both fasting and postprandial feelings of satiety were significantly increased at optimal LAGB volume compared with 2 days of reduced volume. A marked satiating effect following the meal was observed at optimal volume. This study identified no hormonal or biochemical changes to account for the differences observed, although several mediators (peptide YY, ghrelin, insulin, glucose and leptin) were measured.
If LAGB does induce satiety via novel effects, how exactly this occurs is unclear. Direct physiological effects, either 
Intraluminal pressure effects
Recent studies using high-resolution video manometry have suggested a different paradigm of esophageal function in LAGB patients. This is based on successful patients consistently demonstrating an intraluminal pressure in the range of 25-30 mm Hg at the level of the LAGB. 7, 19 This is despite variation in the device and the volume of saline within the LAGB, suggesting that the intraluminal pressure is important in mediating successful weight loss. Under standardized conditions, when saline was incrementally added to the LAGB, it was found that no change in intraluminal pressure was observed until a threshold volume was reached. 19 Subsequent addition of more saline resulted in a rapid, linear increase in intraluminal pressure. Although the threshold volume varied substantially between patients and type of gastric band, the rate of increase after this threshold had been achieved was similar between patients. This observation correlates with what is seen clinically and represents the relative narrow range of saline used to inflate the band, which is able to achieve the desired outcome without inducing unacceptable side effects. These data indicate the need for a consistent intraluminal physiological state to be produced if weight loss is to be achieved.
Transit mediated by esophageal peristalsis
Studies using semi-solid contrast swallows have shown that the LAGB, in keeping with its placement immediately distal to the esophageal-gastric junction, slows transit through this region. 7, 20 Repeated pressurizations progressively drive a swallowed bolus across the LAGB into the stomach. The time-limited-nature of peristaltic contractions causes episodes of flow to be interspersed by reflux events during which the bolus refluxes back into the esophagus-stimulating repeat peristalsis. This cycle continues until the bolus has entirely cleared into the infraband stomach. Figure 2 illustrates this process. This process slows the pace of eating and successful patients are able to gauge transit across the LAGB, delaying consuming additional food until the swallowed bolus has passed into the infraband stomach. Contractility of the lower esophageal sphincter, contributing to peristaltic drive is a critical part of esophageal motility in LAGB patients. 21 This is because the resistance of the LAGB is sited immediately distal to the lower end of the esophagus. The role of the lower esophageal segment as antireflux barrier in LAGB patients is less clear. Alternatively, when the lumen immediately above the LAGB dilates, or the contractility of the lower esophageal segment is impaired, patients develop adverse symptoms and are often unable to tolerate fluid within the LAGB. 22, 23 This leads to a state of either unacceptable symptoms or inadequate weight loss.
Gastric emptying in LAGB patients
The stomach can undoubtedly affect sensations of satiety and powerfully modulate food intake. Therefore, some form of effect on GE may be responsible for sensations of satiety and reduced overall food intake following LAGB. Effects of any bariatric procedure have yet to be clearly attributed to altered GE. Retention of food in the pouch of stomach above the LAGB, with gradual emptying, could result in sustained vagal stimulation due to ongoing distension of the cardia. This could plausibly explain the induced satiety and early satiation.
A major limitation of investigations of GE in LAGB patients has been obtaining the anatomical resolution to superimpose the position of the band onto detailed assessments of transit through the compartmentalized stomach. Recently, a new technique has been reported that allows the LAGB to be visualized during nuclear scintigraphy, allowing assessment of emptying and transit through different parts Figure 2 Schematic of esophageal function in LAGB patients. An appropriately textured and sized bolus is swallowed (a), and primary peristalsis drives it to the level just above the LAGB (b). Contraction of the LOS (a time limited event) drives flow across the LAGB. In c, the residual bolus refluxes back into the esophagus, initiating further primary peristalsis (d)Fwhich drives the bolus back to the LAGB, where flow commences again aided by contraction of the lower esophageal contractile segment. This process is repeated (e-g), with a progressively smaller bolus, until in (h), complete transit to the infraband stomach is achieved. The overall effect is to delay transit into the infraband stomach, without retention above the LAGB.
of the stomach. This is achieved by injecting the band with radioactive technetium. 8 Applying this new technique in a randomized double blind, crossover trial, performed with the LAGB at its optimal volume and empty, transit of semi-solid boluses into the infraband stomach was assessed. 8 This study confirmed that there was only a brief delay (30-60 s) of transit of individual swallowed boluses into the infraband stomach. It is emphasized that the delayed transit is a dynamic process as shown in Figure 2 . Semi-solids were not retained in a pouch of stomach above the band. At 2 min after cessation of consumption, the entire meal was within the infraband stomach that subsequently demonstrated a normal emptying pattern. Effectively, the LAGB is prolonging esophageal clearance into the stomach but not enough to measurably change overall GE. Interestingly, in this study, no difference was observed in reported satiety either before fluid was removed from the LAGB or following consumption of the standard meal. This is suggestive that any effect takes some time to wane after fluid is removed from the LAGB. In another 6-month follow-up study, GE half-times did not change following LAGB when assessed with standard techniques. 5 The evaluations of GE following LAGB appear to agree QJ;that overall semi-solid GE and function of the stomach below the band is not affected by LAGB. Events in the region of the LAGB and esophageal-gastric junction are less well defined; however, it does not appear to retain food in this region.
Hormonal effects
There has been considerable interest in gastrointestinal hormones involved in regulation of food intake, appetite and energy balance. [24] [25] [26] [27] This has particularly been the case in the setting of bariatric surgery in which efforts have (unsuccessfully so far) aimed to uncover a mediator responsible for weight loss.
Produced in the gastric fundus, ghrelin levels appear to increase after LAGB and diet-induced weight loss. 29 This may be an illustration of the capacity of the LAGB to maintain long-term suppression of appetite, overcoming compensatory hormonal changes. Each of the gastrointestinal hormones that influence satiety and food intake also has multiple physiological functions. Therefore, it remains critical to establish a true physiological role for peripheral satiety and hunger signals. 30 
Summary
LAGB is well established as a safe and effective bariatric procedure, with several unique advantages. It has evolved over the past 15 years, superseding its originally conceived restrictive mechanism. Decreased total energy intake, due to sustained behavioral adaptations, is observed, resulting in weight loss. Although LAGB patients are unable to consume foods of a coarser texture, this does not entirely explain the effects. Induction of satiety appears critical to achieving weight loss.
The LAGB consistently presents an intraluminal resistance just beneath the esophageal-gastric junction. This results in delayed transit of semi-solids into the infraband stomach, with flow across the LAGB mediated by repeated esophageal peristalsis. This strongly suggests that retention of food in a restricted proximal pouch is not the mode of action of LAGB. Therefore, it should not be classified as a restrictive procedure.
A better understanding of the basic key intraluminal physiological processes associated with LAGB has now been established, particularly in terms of intraluminal transit, flow and dynamics, as well as basic correlations with sensations and outcomes. The future task is to link and extend these understandings to specifically identify the mechanism of weight loss.
